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TO THE READER: 



/ 



The lecture notes in this booklet show the instructional content 
for the Environmental Earth Scipnce course developed for two one-hour lect\u:e 
periods each week. Before reading these lectures, the prospective instructor 
stiould know that the course has four components^ two lectures each week, one 
audio-^visual-tul^orial lesson each week, a one«-ho\ir discussion, ^ and selected 
readings. The instructor will need to coordinate the cc«nf>onent8 to avoid 
repetition and to let each "media form" convey specif ic kinds of information. 
The lectures develop basic factual information as well raise stimulating 
and provocative questions for the students to consider. In other words, the 
ntudents should recognize the complexity of •our environmental problems and 
recognize the fact that perfectly good rational argumients can be made for con- " 
fllcting points of view. 

t 

The readings, discussions, and audio -visual -tutorial lessons provide 
information necessary to ^Understand the vast number of conflicting ideas in 
this field of study. This kind of instruction places the responsibility for 
learning the fact^s on the student, and it forces tl^e lecturer to do that thing 
l^e can do best help students clao^lfy their thoughts and develop rational . 
points^ of yl^w. i 

In some of the lectures, a large number of 35mm slides and overhead 
transparencies were used. At this time, it is not practical to duplicate these 
slides for a prospective instructor's use. However, each slide is described 
so that one may select slides from their own files or copy siinilar slides from 
the lijt.erature to illustrate a given lecture. Many of the examples used in class 
to expand the lectures have been omitted because it wag felt the goals of the 
course could be achieved best'^if the prospective Instructor selected the examples 
that fit their own classes and teaching style. 

Anyone" teaching a class in Environmental Earth Science Vl^ll have to 
do a great deal of ^reading and organizing of ideas. This is not an easy Job, 
However, the lectures described in this booklet should aid a prospective instruc- 
tor in reducing the amount of preparation time. 

* I wish you well as you try out this program, and trust that you will 

have the same kind of satisfactions I have when working with students on this 
complex,* frustrating, important, and challenging subject — Environmental ■ Earth 
Science. 

Holland B. Bartholomew ^ 
^ Associate Professor of Geology ^ 

and Science Education 
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Section III: Time ' 
Lecture 1: An Introduction to the Qeologist^s Concept of Time 



Before developing the ideas associated with our concept of geologic time 
it is worthwhile to gpend a few moments setting. the stage for this brief, 
section^ For J?xw^le, point out_th^t our feeling^^^ 

prohiems is directly related to the time scale we are using. It is our 
concept of time that makes us talk about a "Crisis in Energy" rather than 
a "Problem with Energy." Many of the arguments axid contradictory statements 
that we have been reading are due to people applying different concepts of 
time. It is time we began to consider what time scale we are using when we 
discuss environmental problems./ Thi's is one of the most difficult problems . 
we face in understanding environment atl degradation and the conflict between 
man aiid the laws of nature. \ 



Of all theVorganisras living today, we alone are^capable of asking 
questions about our world. We are truly unique. We are "one-of-a-kind." 
Consider for a moment the questions. /* 



Reading Assignment 

Berry, William B.N. Growth of a Prehiatoric Time Scale , W.H. Freeman and ^ 
Company^ San Francisco, California, 1968. Chapters 1,2, and 5- 
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How old l*fl the 
earth? 



(Leave on the acipeen long enough for all to read 

and consider — no narration) * 



iHow old Is life? 



(Leave on the screen long enough for all to read 
and consider — no narration) 



N 



3 r 



How old is man? 



(Leave on th^ screen long enough for all to read 
and consider) 

Only you are capable of asking such questions. 



< 
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How bid is the 

earth?' 
How old is life? 
How old is man? 



These questicSns are some of the first ever aske% by man,, 
and some of the most repeated of man's questions. Every 
major religion has its own views on the origin of the 
world, and its own way of calc^ating when it happened. 



An Eat'AIMfflme 

Scale: age of ^ 
rocks ♦ plonetB , 
and stars. 
Fig. 5-1 
page 52 



One of the earliest time scales I could is seen on 

the next al^ide. H(|W;did these men arrive at these ^ 
calculations? They applied a fundamental* idea — time, 
can be perceived only by events that occur vithin it. ^ 
Look for the events. , 
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the deluge, the 
temple building, 
David, Abraham, 
and the captlvitlr 



Some of the events are the deluge, the temple building, 
David, Abraham, and the captivity. So ve, too, look for 
events to mark time. 0^ 



/ 



Series I-I8 
child 



r 

1 r 



V 



Time units measure ^he in1>ervals between the beginning and 
end of events. Another condition meaningful events fulfill 
is that the event happens ^t a specific reclpgnizable point 
adong the time continuum - it must be unique. Example: 
here's a series of events with the interVal indicated, but 
notice this series doesn't help us tell the time if ve lack 
information about the specific point where it took place 
along th^ tim(¥ continuum. 



Blank slide' 



I would lilte you to write doVn the oldest event you can 
recalir hap^ning in your lifetime. Estimate the^ time 
inteiVal it labted. 

r 

(Sele^ tl:^ree - write them on the overhee^d) 
wiilch event happened first? (no correct answer]^ 



We need more information/ Slmii,arly with ttie early 
geologists > ^they knew the rock sequence (event^^t 
place 1, place 2> and place 3> ^^It thi^. afone didn't 
supply enough information to^ place them on a time scale. 




/ The recognition of geologic time aa we now view it did 
r^ot come about easily. * Three independent but closely 

related ideas lead to the discovery o^ our modern concept 

of geologic time. * r 



VThat is the oldest n^i-biological thing you can see in this 
room? (accept several answers) Why did you choose these 
things? Because you knew something about how buildings were 
built. So it is with geologists. They understand earth 
processes and apply this principle in establishing age 
relationships of rock layers. We^say "the present is the 
key to the past. " - 



Another example: look at this road cut- Is the rock 
^deposit a terrestrial deposit or a marine deposit? Is 
it a stream deposit, wind deposit, or glacial deposit? How 
do you know? " Your answer depends upon how well you 
understand the geologic processes happening to'Say and you 
project that understanding back to the^ time this deposit 
accumulated. ^ 
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Sedimentary 
Beds 



Hei'e ia a picture^ of an outcrop of layered rocks ^ 
Which layer is older? Younger? How do* you know? 
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Principle of 
Superposition 



There is a name for vhat you are doing. It Is called 
the "principle of Superposition*" Younger rocks are 
above older rocks in a strqitigrapjiic sequence. What 
assumptions are you making? ^ 
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"Strata" Smith 
map of England 



Here is a picture of the first geologic map* Strata 
Smith constructed the m&p by applying the two principles 
you have Just learned plus another. 
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.Clo9e-up of 
Cedar Park 
Limestone 



This new idea developed by Smith seems, simple today but it 
was a new and revolutionary concept in the early 'l800's. 
Smith found that rock-^unit^ '(layers) could be identified 
by the particular assemblages of fossils they contain. ^ 
This rock is easily identified' by IpceLl geologists as 
the Cedar Park Limestone by the ft5ssils it contains. . 



Principle of 
Paunal Succes- 
sion. 



about the same^time Cuvier established that- foBsils, 
^fou?id in the younger rocks in a. stratigraphic^. sequence 
rei|j|ibled present day organisms more cloiiely than the' 
-fossils , found iri older irocks , this lefad to another major 
idea called'' the principle or lav of faunal succession. 



1I4 
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.Room 103 



Refer to the display case shoving the change in an 
organism though time. . 



LyeUi^s time 
scale ' 



1 



Gj|plogists applying these three principles were able to 
formulate a time scale • This is a slide shoving Lyell^s 
geologic time scale — one of the first ever ^published. 
It took a long time for this idea to come about. Lyell'§ 
work is only 1^0 years old — two lifetimes removed fi'om 
today. . - • " 



V 
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Slide of 
modern time 
scale 



The mod 
paralle 
you ^some 
case. . 



ern time scale iooHs J/ike this. .It/ B devel 
led that of Lyell • I ^ 11 use an example t 
e idea of it de^loped* 1*11 use an ac 




.opment 
to give 
?tual 
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Shot: Eichler 
P, 57, Fig. 3-2 
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Correlation 



Sedgwick and Murchison (Bi;iti«h geologi'iitB and good,\ 
friends) studied, a complex rock sequence in Wades. 
Hurchi3on started at the top of the sequence and 
Sedgwick at the bottom. They worked toward each other. 
Each, found what he considered to be natural breaks in 
the sequence •y.Mur^i son called his rocks '^Silurian" 
(Welsh tribes and Sedgwick called 'his rocks "Cambrian" 
(after another Welsh tribe). Both agreed that Silurian 
rocks were^ younger thaui Cambrian , /but the break ppint • 
„ cQuld . jicLt^^ The^^rojck^jayatima-^erJAppia^^ 



The argument began ^ the friends became enemies, 
disagreement lasted for ^0 years. 



fluid the 



The solution was finally proposed by Lapsworth.* He Said 
the disputed rocks were a jrstem in themselves and he 
called them "Ordivician" {wt'C^r a Welsh tribe). This was 
not accepted completely by other geologists until 
Sedgwick and Murchison died. The locations of these 
rocks are called the "type sections" or "type area" for 
the Cambrian, Ordivician, and Silurian rock systems. 
These w^ere considered to have 'been layed down during 



these ods . 



other geologists working in Europe established additional 
"type areas 'I as seen on this slide. 



Now consider this problem. A geologist in Austin has 
studied a sequence of rocks. ^ He wants to ^now, "Are 
these rocks Cambrian, Ordivician, or Silurian? Were 
these rocks deposited contemporaneously with thQ 
sequence in Wales?? In order to ascertain the 
'answer, he must match his rocks with those of the 
type localities or another sequence that has been previously 
matched.. We call this process correlation. 
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Spencer, P. 32 >^ 
Fig. v^T 

Sho w caption 



There are many ways to correlate rocks in one loca^lity with 
those in another. For example, by lithology^ 



Sper^er, P. 38 
Fitt. 2-12 
ERXCow ^caption 



by fossils, 
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Hind pictxAres 

bel^treon con- 

t|lnents 

El Cher, ^p. 90' 



«ve& across oceans correlations are' mHde to establish 
,^at vh^t point in geologic time a rock sequence was 
deposited. • % ^ . ^ 



^Before Moving the next sj-ide, I muSt reminds you that knowledge' 
of rock B.equences - material things - gr«y \mhand---in--hand^ 
wit^^thQ concefit of geologic time* This ov<j^||^a^ slide 
?"how8 how geologic time units, time-stratigraphic units, 
and rock units ^e related. ^ ^ ' . 



Oyeyhead slide 
Spencer, p. 31 



(Use overhead transparency) 



Overhead* slide 
of time ♦spale 



I*d like to ceiil to yOur^ attention that"^ years have been 
included on the modq;r.n time scale. This ehoiild seem/ 
strange. How did these years become assigned to the 
time scale? 



GeolojBfic clock 
. (Time prog) 

(lliiSkiy Mouse 
^vatch") , _ 



How man^ of you have heard &f a geologic clock? Describe 
it to me. (accept one or two descriptions ) 1*11 show ^ 
you one on the next slide. iHow^s that?- 



Pendulum »^ 
• clock * 



It h«8 been axnUzing to me that the inner workings of 
geologic clocks are aJjnost exactly reverse the Vay 
a' clock as ve k^ow it should work. MosV clocks have' 
a mechanism which changes the hand at regular ijitervala. 
The more consistently regular the interval, the better 
the clock. ' 



1 Radioactive 



2 i)ecay 
t 



Not so with geologic clocks. The inner. workings e^re 
completely unpredictable. The energy and events we. 
recognize &re detected in irregularly spaced bursts. 
Yet, we can tell time. llow eoHier 



26 



U238 



^b 



206 



The theory, in vastly simplified form, is like this. 
Uranium 238' — ve*ll call it the parent element — decays 
through radioactive processes to Lead 206. The radio- 
active process ii# such that the nximber of atoms decaying ^ 
in asxy time interveO. Is proportional to thfe number of 
parent atoms present in the sample. 



1 



10^ gms. U238~^ 
JL gms . 

per year ^ 



For example, l,00Q,00a grams of ^1)238 vill produce I/76OO 
grains of Pb2o6 P^i*, year. As the parent Ug^g decreases 
the amount of daxjghter Pb2o6 i^^creases. However, the 
rate of the process is a proportional relatix)nship. We 
ec!re able to predictably determine what is going on. 
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Table 6-1 
Elchler, p. 120 



(One interval of time used to measure radioactive decay it 
called, the half-life. We could choose 1/3 life. 1/8 life, 
but half-life is easier -tl^- use) 



Radioactive decay ocours ih such a that half of the 
radioactive substance decays i^a given psrlod of time, 
period, ctfMed the half-life, in a constant for a 
radioactive element. (ExpleU-n table) 



that 



glve^ 



The generalized scheme for dating a rock or reading the 
geologic clock is as follovs: 

1. Select the sample to be dated.' Note its position In the 
rock sequence — e.jf., its upper Devonian rock 

2. Measure th^ relative amourxts of parent and daughter elements. 

3. Read the age of rock from -the radioactive decay curve 
that applies to the elements ^eing measured. We cclLI 
this the radiometric age of the. rock 



29 
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Dating a rock 



i 



Dating the 
geologic time 
scale 



Now if we can find radioactive samplesf for each time unit in 
the geologic time scale anii^etermine its al?solute age in 
yeeu-s, we can date^the geologic time scale. This may seem 
simple, yet the geologic time scale has only a few "really 
good" calibration points. Why would this be so since our 
technique is^so excellent? (Wait for answers) 




iug5i- L 



No dai 
ter atoms present., 
when rock formed 




Also, point out that it is difficult to find sarapj.e8 that 
have been completely free of modifications and not disturbed. 
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Besides dating rock samples > ther* ia another use fon^ 
geologic cloc}<|. Remember, I a^ked 'earlier, "How ola 
is the Earth?" Let's aHM*%t>i^ geologic clocks eur^ used # 
to ansver this question. We'll cbnalder^the whole e«a*th • 
like a single rock sample. * 

In a generallsjed way, the ^e of the earth ia meastired 
this * procedure :^ \ . 

1. Analysis of iron meteorites containing lead provide an 
estimate of the amount of primordial lead in the earth. 
We assume some lead* existed vrtien the earth was formed. 

2. Estimate the amount of U238, Pb20T* and Pb206 
that is present in the eqirth tode^. ^ 

3- Subtract the amount of primordial lead (as determined . 
from meteorites ) . ' 

i+v Cal6Ulate the age using the U235/Pb207 and U238/PV206 
ratios. Each ratio provides us with a date of about 
U,550 inillion years. 

! 

More recent • cedculations involving better estimates of the 
primordial lead ratio place the age of thjsuJ^arth at 
U,500 — U,800 million years. j . ^ 



33 

Eichler, p. 128 
Fig. 6-8 . 
no caption 



J 



In our discussion sessions may have time for a discussion 
of the Cewrbon ih method as well as other dating. methods. I'd 
like to conclude with an example that illustrates anothei> 
practical result of the df^ting of rocks. This slide shows 
the migration of volceuiic Activity in the-Hawaiiam Islands. 
Pretty nfat ! 
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, SECTION IV: Natural ReaoxirceB i 

/ * ♦ ■ 

\ • . ■ " '•^ " i V 

Lecture 1:^ Introduction'to Natural Resources 



The introductory lecture to this section of the cojtf se consists of two 
parts. Part I is an illustrated lect\ire using differelP students to read 
the narration for the slides. Part II is an illustrated lecture using over- 
head transparencies summarizing the use of nonfuel minerals by industry in 
the l/nited States. . ^ 

Experience has shown that studen||l sense the value of the mineral 
industry in our technological society, but they know very little about the 
mining industry. For example, they are hot aware of - the fact that some 
industrial mlperals sure already dn short supply and no adequate substitutions 
are av^iiltible. Some geologists maintain that our shoVtage of nonfuel Ainerals 
will becJme a more serious problem in the near future than our. shortage of 
energy. \ ^ • 

This le^ure is designed to Introduce the studenii to an overview of 
the mineral industry from ^a geologist 's point of view. The basic ideas of 
this lecture will|be encountered time and agal|.n in this section. ^ 



Part I : Introduction to Natural Resources 

You need to select foair students to read the narratioti that accompanies 
the slide presentation. You need to make five copies of tihis narration so ^ v 
that each student- i^lll have ?t copy to read. 

■ ' . \ 

Assignment ' . 

Read (Chapter 3 from the following: 

I 

Cargo and Mallory. Man and His Geologic Environment . Adttigon-Wesley Publishing 
Company, Reading, Massachusetti , 19T^. [ ' 
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Blank 
Slide 



(Narrator) "Todaor you are going to pljiy 'scientiat.' Not 
Just any kind of scientist^ but'an *earth JreBOurces Bclentist.' 
Here is^your dilemma. You have been aekef^to read a paper at 
the International Eatrth Resources Conference in. Peking, China* 
You are the keynote speaker. What are you going to say? This 
Is the speech you will make." 



r 



Shot of earth 
frojn space 



J 



(Professor) "This is the earth. It has many resources. All 
of you can name the>arth's resources. They are the solid earth, 
^he ^i quid earth, the gaseous earth, euid the biological earth. 
We see all of these components in th6 pictHre." 



Slide of audi- 
ence with a 
person standing, 



1 



(Narrator) "Fine, the lecture is ended. The audience claps 

and you are ready to sit down. Suddenly, fei member of the audience 

steihds and asks a question." 



i 



n 

Close-up slide 
of a person' 
standing in an 
audienee. 



'(1st College Student) "Dr. Speaker,, what is a resource? 

'we can jia^e them, but I don^t understand what . a resource is." 



4 . 
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Slide of a per- 
son acting as 
a Profesaor. 



V 



(Professor) ^An earth resource is an asset. It is sejtoeffhing I 
that cun be used beneficially. Expressing it a^tother vay, an 
earth resource is a 'state of mind.' Thank you." 



Slide of the 
person standing 
in an audience 
acting as 1st 
College Student 

~' r 



(1st College Student) "But > Drw Speaker, what does your state 
of mind have to do vith it? Your remarks are veiy confusing/' 



Another slide 
of person acting 
'as Professor 



(Professor) "You are a persistent young mfln. Surely you know 
that your state of mind changes as you leeu:ti. Everyone knows 
that what is one plan's treasure is another man's J\mk» so It 
is with the eeo^h's resources. It depends upon your point of 
view. I say to you — get yo\ir point of view stredlght." 



Another slide of] . ^ 
person acting 
as 1st College 
Student 



(ist College Student) "I'd JLike to check with. you about my 
point of view.. Man uses the resources of the environment in 
three ways: (l) for materials, (2) for energy, and (3) to 
austain life directly* 'Am I coirreot?" . 



ERLC 



Slid© of 
l8t College stu- 
dent and Profefl- 

8 or r 



(Profe»»br) "Certainly," 

(1st College Student) "Are these goo^ exiuftplest" 



Slide shoving 
the use of wood 



"1 r 



{1st College. Student ) "Here ve see the use of wood." 



Slide showing 
the use of rock. 



(1st College Student). "Here we see the use of rock." 



J 



Slide showing 
earth materials 
as building 
matexjlals.^ 



n 



(1st College Student) "Her6 we see, earth materifils as 
building materials." 
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Slj.de shoving 
the use oj^ 
metal a* 

"1 



(let College St^^dent) "Here we see the u%e of metals*" 



Slide showing 
materiold used 
Id maJcing tools* 



\ 



Cist Col3,ege Studentr) "He also uses mat^^wtcLLs to make tools*" 



Slide showing, 
Professor and 
let College 
Student 



(Professor) "Excellent examples." * . 

(1st College Student) "I hav^h'^ ♦finished. ^Iftn uses earth 
materials for energy/^' ( 



J 



Slide showing 
men working in 
a coaJL mine. 



(1st College Student) "He,.mines coclL." 
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Slide shaving 
the use of 
petroleum • 

I I ' ' 



\4 



(let" College Student) "He upes petroleum^" 



Slide shoving 
man using 
water. 



(ist College Student) '*He uses venter." 



Slide shoving 
Professor and 
1st College 
Student . 




(Professor) "Beautifull Ifou are a good one!" 

(1st College Student )(^ "Don ^t 
for food production 



forget he uses land resources 



Slide shoving 
Professor. 



(f^rofessor) "l^ couldn't have done this better myself. Did 
you notice that some of the resources are renevable and some 
•enevable? It is Important that ybu notice this." 



erIc 
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Plot lire of 
y person acting 
as a 2nd Al- 
lege* Stu^Kit, 

.1 ■ r 



(2ncl College Student) ^'Dr* Speaker, why is this importahik? 
Will we run out of ^resources?" ^ 



J 



Slide showing ^ 
1st College 
Student • 



(1st Collee;e Student) "Of course, we'll run out of the non- 
renewable resources — everyone knows that/* 



Slide showing 
forest and 
f^od resources. 



(1st College Student) "Forests , food reatovirces — anything 
that patural processes can reform quickly (as fast as man 
can use them) is renewable* Minered resourcefs like ..." 



J 



Slide showing 
aluminum. 



(1st College Student) v"... aluminum," 
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Slidie showing 
Iron. 



I 



(1st Cpllege Student) "..' iron," 



Slide shoving 
oil well. 



ol] 



(ist College Sttident) " and oil are nonrenewable 
and man will eventually use these up. Some> like oil, 
will be used up before others. Rights Professor?" 



Slide showing 
Professor, 



(Professor) "Right I Ypu ar.e very sharp! Do you know 
anything about the price of earth resource matericLLs? 
This is also important." . 



Slide of a barge 
transf#rtlng 

natural re- 
urcesi 



(2nd College Student) "Most of us know that resources having 
Jiigh value at the sfiurce are produced wherever they occur and 
are .transported around the world," • ' 



Slide shoving 
a gravel pit. 



(2n(l' College Student) like see here* Gravel, 

low pit vcLLue, short travel, " 




Slide showing 
an oil tanker. 



(2nd College Student) or like you see here. Oil. in 

'tanljers, long travel around the world." 



(see diagram, 
page 13) 



(2nd Collegfc Studerit) '^I beard an economist talk about ^ 
earth resources. He took a different view» As you can 
see from this slide, materials end Up in a different place 
in a different form. This i>rocess empties the 'source* and 
fills up a 'sink.! He said price is not related to need. 
For example, water is low in price hvit needed - diamonds are 
high in price but unneeded." ^ 



College 
professor 



iProfessor) "That's very interesting. 
residucLls he has in his drawing?" 



What are the 
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Slide showing 
2nd Qollege 
Student \ 



{2ndvCollege Student) "It's obyious that the residuals 
represent pollutants. 1*11 shoy you a fev s},ldes of 

pollutants." ' ^^^^ 



Slide shoving 
pollutants . 



r 



^ 1 - T- .,1 ^ 



Slide shoeing 
pollutants. 




Slide showing 
2hd Coi:j^ge 
Student and 
'iVofessori 




(2nd College Student) "Pollution occurs when ^ jth^e is 
impairment in' the capacity of a reSourc^-^-^to^satisfy the need of 
man. 

(Professor) "Very intjM^sting. " 
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(aeo diagram 
on page 13) 



I 



(1st College Student) "All of you are talking about the 
'wrong thing. As you can see in this diagram, if we reoycXo 
ve Temove the residuals l^1ld hluve jn greater supply of earth 
materials. Already we^as individuals can recfycle aluminum, 
tin, glass, cmd paper*" 



r 



College pro- 
f^9Sor, \ • 



I 



(ProfessoSr) "This is JLmi)©rtant*, but recycling alone is not 
the' answer." 



Slide showing 
2nd College 
Student 



(2nd College Student) "I think you are right. But what 
else can we do?" 



Slide showing 
1st College 2 
Student 



(1st College Student) "Perhaps we should consider the issues 
and problems relevant to forming a national policy on iMterials 

T,, If ♦ ' ' W 



supply. 



C 



4a 



Slide showlttg 
Profesflor. 



J , 



(Professor ) "Berfectl",. 



Blank 
Sllhe 



r 



(Narrfitor) "Thank you. Dr. Speaker. Our time is up. Your 
remarks have been most helpful." 



\ * 
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Part II : Th« Nonfutl Minerals ' ' 

The source 6t the Information fpr tljis part of the lecture in taken from t 
the Second Annual Report of the Secretary of the Interior under the'-Minlng and 
Minerals Policy Act of 1970. This. publication Is available from the Superintendent 
of Documents, U.S. Qovemment Printing Office, Washington, D.C. 20U02. The price' 
is $1.25. Your congressman should be able to get you a free copy.* 

> 

The pages of the report duplicated here make excellent overhead transparencies 

A diacuasion of each of the transparencies focuses the lecture on the ikportance 

of the mineral industry t%> our technological society. 'i 

> -■ 



4 A. ^ 



■v. . ' ' 
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ABOUT 40.000 POUNDS OF NKW MINEVrAL 
MATERrALS ARE REOUIRCD ANNUALLY 
FOR EACH U.S. CITIZEN 
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IMPORTS SUPPLIED SIGNIFICANT PCRCCNTAQES 

OF TOTAL U.S. DEMAND IN 1S72 
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U.S. PRODUCTION 18 FALLINO BEHIND IN RELATION 
TO THE REST OF THE WORLD ; 




1950 




1972 




ALUMINUM 
METAL 



1950 




1972 




REFINED 
PETROLEUM 



1950 



1972 
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NOTE: TH6 LARQER 1972 CIRCLES SHOW THE GROWTH 
OF WORLD PRODUCTION. 



U.S. IMPORTS EXCEED EXPORTS 
OF RAW AND PROCESSED MINERALS 




ilMINKRAL RAW I 
AND PROCESSED MATERiA( 




mumm^mmmi 




IMPORTS 

($14 BILLION) 
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IN 197a THE ESTIMATED U.S. 
DEFICIT IN THE BALANCE 
OF TRADE FOR MINERAtS AND 
PROCESSED MATERIALS OF 
MINERAL ORIGIN WAS 



$6BI 
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>;nAW MATIMtALt AND MOCIIIIC^ 





($8 BILLION) 
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MINERAL RESOURCE DIAGRAM 

CATEGORIES OF MINERAL RESOURCES 
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INCREASING CERTAINTY THAT DEPOSITS EXIST 

4-^ : : : 4 , 



IDENTIFIED 
(DISCOVERED) 



HYPOTHETICAL 
<UNDI8C0VERED) 



SPECULATIVE 
(UNOIiCOVERED) 
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UlS. SUjPPLIKS AND MSKS OP 
MAJOMTFmTILIZlIRS 
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New definitions for such cruciiO. a^ineral terns as "reserves" Mid "resourc«»" 
have been Jointly adopted by the Interior Department's Bureau of Mines and Oeolbglcal 
Survey. ^ ' ' 

The new. definitions more accurately describe the estimated productloh po-^ential 
of mineral deposits, including fuels. Adoption of the nomenclature ; is expected to, , 
clear up the confusion of these terms — especiAlliy between "mineral resource* and 
"minersLJL reserves," thf agencies said. ' : , - 

Because the Bu'reav and the OeoJ^gicaa Survey both collect important in^ojrmation 
about miJerals, a common terminology is essential' to evaluate the data for govemmen- 
tell planjing. The new definitions extencl those officially adopted in 19^3 *nd later 
used by the Paley Commission to assess the nation's mineral resources. 

The classification system a^freed upon by the Bureau and the Survey is based on 
two key criteria: the extent of geologic knowledge about the resource; and the 
economic ^eeiaibility of its recovery. - ' . ' ^ 

For exampljt, "mineral resources" are defined aa concentratidns of naturally 
occurring soli^fc, lic^uids, or gases, discovered or Qn].y surmised, that are or might 
become economic sources of mineral raw materials. "Mineral reserves" are that portion 
of* "mineral resources" that have actually been identified, and ofiin pe legally and 
economically extracted. (The term "orfe" is used for the I^e8erye8 of scMne minerals. ^) 

GLOSSARY OS^ BESOURCjS TERh^ 

\ ^ 

jResource: a concentration of naturally occurring solid, liquid, or gaseous materials 
in or on the earth's crust .in such form "that economic .extraction of a commodity 
is currently or ^potentially feasible. 

Identified resources: specific^ bodies of mineral-bearing material whose location, 

quality, and quantity ar^' known from geologic evidence supported by engineering , 
measurements with respect to the demonstrated* category* . 

Undiscovered resources ; unspecified bodies of mineral -bearing material surmised to 
exist on the basis of broad geologic knowledge and theory. 

Reserve : that portion of the identified resource from which a usable mineral 'ant^; 
energy commodity can be economically and legally extracted at the time of 
' determination. The term ore is also used for reserves of some minerals. 
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SBCTION IV i N«iur«X R«BOuro«t ^ jl^ 

. L»ctur« 2} Our Nonfu«l Niaier*}. Heiouroes 
♦ 1 ' * 



B«c*ut« yoUr ttuden;!^ -h«v« had little. •iti>9ri«nce with «oonoallc g«b3:ogy» it 
!• .iK>rthvhll« to use thiir introduciofy portion of thlM l«ct\ir9 to mcq.\iAlnt- than 
yitii at Y«v ioMic ''IdttM* 1^ '•xaapl^t th« rarity of minerail dtposlts thould bn 
Vxpl»in«4p. , Thtt* t«)>l« bolQV provides a good dlacuision point for starting the 



lecture. ' " 



TABLE '4-2. IbWICHMBNT FACTOR FOR SOME 
Cbl^MON METALS 

—I . ■ — ■■ " — » -^ic 



J . _ 

Metal Percent Irt.cni'it. 'Percent in. of« Enrichment factor' 

— ^ ti — I : ^ j| — ^ — ^ 

Mwcur^ 0.O00008 a 25,000 

Gol^, . 0.0000002 0.0008^ 4000 

Lead • 0.0013 S.O' V 3840 

Silver 0.00007 0.01 ,1450 

Nickel 0.008 ' 1.0 > ft25 

Copper 0.006 0.6 100 

Iron " ' ' 5.2 30.0 • ; 6 

Aluminum 8.2 38.0 4 

*The ffirkhmMt factot indlceui how iMiiy Ibnei aboYH iit mnirt con- 
cantratton a metal mutt tye |n ofiSet to t>e n\Mk. 

Source: **Coinmittee on Qeological Sciences, 
The Earth and ^ Human Affairs . Canfield Press, 
San FranciscQ,, California^, 1972,^ page lU2. 
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. Some additional Ideari you may x:hcft*fu& to develiji are as fallows: 

le Eacl) mineral deposit represents sin accident geology. • 
2* Each minereCL deposit mjist be ^ exploited where, it occ?]ars. 
3. Mineral^ deposits are\ finite and. nonrenewable. 

U. Jn general, continued extracti6n, of ore leads to increasing costs. 
5« The demand for earth materials comes from chemical and manufacturing 

industries and from agriculture. 
6. Minerals most essentifid to civilization *are kot*on, copper, alumintim, 

and fertilizer minerids. 
T. FeV industrial cbuntries have reserve's, adequate for the next century 

us^ing forseeable technology.^ ■ ^ 

The^sources supply ot minelrai coimaodities continually shifts. 



A prtj^cative way to develop this lecture^ topic is to take an optimistic 
vIeVibput our mineral resources in< the future.' The views summarized below ai 
takfen^rom the Paley Report, from the book Scarcity/ ancK Growth (Barnett and 
Chandlbr^ 19^3) > and lifaturid Reaources f6r U>$i Qrovth {Landberg> 196U). 
(The statements are also found in the reading assignment. ) 



An QptlmlBtlc Vlev -of Mineral Reaources 



1. Technology for the paat fifty years han steadily made increMing amounts 

of raw materials available at lower cost per unit and therefoi-e will continue 
to do so in the forseeable future* (e.g., ta<^nite, copper, and suJLphur) 

2. As the grade of a minerail deposit decreases arithmetically, the researves 
increase gepmetricedly. 

3. Nonrenewable resources are inexhaustible («.ee It<wn jf2). 

_ A.. __^carcity._can_j3avajpsia*e prevents ^f ,the_.xaw-. materials. 

5. Since the coat of raw materials is oniy''i|^ractionf of the final cost, a 
material rise in price fog any raw materii^i will Ijave an insignificant effect 
on the price of manufactured items emd oii^the gen<|r.€LL economy. 

6. Any industrial nation will have adequate 'liiocess to deposits throughout the 
world. A nation sells 'raw materisds to df^lbW-n the goods it cannot manufactiure 
itself. ^ f . 

* ^ 

. ► V ■• 

► 7. there vlll be only Insignificant institutional restraints on access. 

8. The U.S. and other industrial nations must have an ever expanding economy and 
vill strive to attain the minerals needed* 

9- The population of the Western nations will continue to increase at a rate 
of about 1.5% per year for several generations. ^ 

10. The underdeveloped nations will achieve a per capita income ciompcu-able^io 
that of th3" U.S. within one or two generations. 



By a judicious selection of examples to support these points, you can help 
your students understand the basic problems related to our^nonfuel mineral resource 
For example, some econonlist? and some geologists have diametrically opposing views 
about the reality of our nonfuel mineral resources. 

The assigned reading by Lovering gives an adequate description of the 
reasoning followed by the economists. A- basic principle accept)5d by economists 
Barnett and Morris was formulated by Lasky. ,This principle is now known as the 
arithmetic -geometric ratio (A/G ratio) — as the average grade miped decreases 
arithmetically, reserves increase geometrically. Does this relationship hold 
for all nonfuel minerals? 

A. look at the processes, of mineralization should help answer that question. 

1. Sedimentation processes cause conq^ntrations of minerals in some places 
and dilution in others. Large volumes of sediments contain jnetals ii^ 
parts per million range. It is in^these kinds of deposits that they^/Q 
ratio la most likely to hold* . » 



2. Mineral! tation forming ore bodies from ig^ieoua segregations and pre- 
cipitates from aqueous solutions In fractured and chemically reactive 
rocks does not show gradational chamge. The A/0. ratio does not hold. 
The exception to this is found in sctoe igneous deposits where mineral 

* concentrations were dispersed throughout the magma before freezing and 
gradational change occurred. The A/G ratio might apply in a limited 
number of cases, 

3. Fracture controlled deposits for minerals containing Hg, Au, Ag, W, 
Pb, Zn, At, and Be shov abrupt changes fjoid the A/G ratio does not hold, 

h. Weathering processes that involve leaching and Redistribution of 

minerals to make ore deposits show both gradational and abrupt changes. 
The A/G ratio holds in some Cases. 

5. Replacement deposits generailly show abrupt changes in mineral composition 



and the A/G ratio 



does ngjt hold. 



Placer deposits show abrupt changes in location of the minerals, and the 
A/G ratio does not hold. ' 

(It is important that you select specific examples of nonfuel / 
minerals to illustrate each of the situations described above. 
However, I feel each teacher will find it easier to choose the 
examples that best fits his own situation.) | 



What does the future hold for nonfuel mineral supply and demand? 

1. Experience shows that demand for nonfuel minerals increases faster 
than the population increases. Per capita usage of these minerals 
is increasing. 



2. Industry is requiring increased tonnage and variety of nonfuel. ^ 



mineral resources. 

3. Industrial production in the future depends upon continued discovery 
of new deposits. 

Nations will be increasingly dependent upon other nations for raw 
materials. 

5. New discoveries require from 3 to 5 year^fjj^ad time before the ore 
gets to market. 

6. Industrial demands for nonfuel minerals will put increasing pressures 
on research and development. 

< 

In summary, it is clear that the economists eind geologists take different 
views toward the future availability of the nonfuel minerals. The A/G ratio is 
a useful i'dea to apply in some cases, but as a general rule; it simply will not 
work out. Some nonfuel minerals eu*e finite in quantity and we must recogfxize 
this in order to manage these natural resources wisely. 



A>alanm»nt ; 

V 

Read Chapter k of the following: 

Cargo and Mallory. > Man and Hit QeQlogio Bnvlronia»nt* Addledn Wesley 
Publishing Company, Reading, Massachusetts, 197^. * • 

Also read: 

Lovering, T.S. "Nonfuel Mineral Resources in the N^xtj qpntury," Limitations 
of the Earth; A Compelling Foous for Geology , reprinted from the Texas 
Quanerly . Volume XI . No, 2> , Suhimer, I966, p. 127-1^7. 
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SfiCTION IV i Ntk^'urtkl Rttsourcst 
Lttcturtt 3: Soil and Food 



Whfct is aoilT A farmer would •ntvef , "Soni»thlttg to.grov eropt ia." 
An »grl cultural chfmiit might ^anawer, "A foodhold from which plant obtain 
theiry water and moat of thair nutrianta." A pedologiat would hava a different 
reaction. He would probably aay, "Thia queation doean't have a aimple, aaay 
anawer. 'What da a rock, a mineral* or a gas?" Eveiy aoil haa ita own uni<iue 
history. Like a living organism, a soil is the result of dynamic; evolutionary 
processes. ^ » 

For the purpose of t^ita^ lecture , we will take a very broad and incomplete 
view of soil by thinking about soil as being the uppermoat layel'a on the earth's 
surface in which plants grow. In the U.S. we depend upon about 2.3 billion acres 
of land (total land area-of*the U.S.) — per capita share is about 11 acres. In 
X9U0 the per capita was about 17 1/3 acres, and in the year 2000 the per capita 
Shane will be about 6 2/3 acres. 

4 
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A8Bignm<|nt : Read the following: " 

Brown,' Lester. "ThevNew Seeds," The Survival Equation; Man. Reaourcea. and 
His Environment .\ Houghton Mifflin Company , ♦"Boa ton, 19T1» p. 273-27$. 

Brown, Lester. "Humaff Fpod Production is a Process in the Biosphere . " ^ Scientific 
American . September, 1970, p. l6l~170. 

Also read Chapter h from the following: 

Cargo and Mallory. Man and His Geologic Environment . Addison Wesley Publishing 
Company, Reading, Massachusetta, 



Souret: AvftlX&bl* from th« Boll ConttrVntion Strviot, 
U.S. DtpartiMnt of Agrloultura, ProgrMi Aid No. 98'^ 



3P 



Mftp of U.S. 



r 



One-third of our land is public limd adttiniBtared by 
th« federal govemxaent. T*fo-third8 of our land is 
ovntd by individuals, bu&inesata, industry, and by states, 
counties, and cities. 



Land Capability 
Map of U.S. 



Soils are grouped in eight land capability claBses according 
to their potentialities €uid limitations for the sustained 
^ profductlon of common cultivated crops. 



Graph of Land 
Capability 
Classes of 
Soils 



Soils in classes I, II, and III are suitfible for regiaar 
cultivation of most field crops. Soils in Class IV are 
marginea for growing crops. Soils in classes V, VI, VII, 
and VIII generally are not suitable for growing ordinary 
field crops but can be used for other purposes, including 
growing some crops. , 



Graph of Land 
Use According 
to Capacity 



Notice the percentage of land in each category - kk% 
suitable for regular cultivation, 12% suitable for . 
limited cultivation, and kh% not suitable for regular 
cultivation. 
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Map of U>S. 
shoving pomlnant 
Soil Limit&tlona 



I 
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The numbers that follov the region designation are inter- 
preted as follovs: 1» 2» and 3 reftrs to degree of erosion 
hazard; 6, and 7 refers to degree of wetness, and 8 

refers to ihallovness, ttonlness, droughtiness, or salinity 



Graph shoving 
Dominant Soil 
Limitations 



Notice that only 3% of our land has soils that have no 
serious limitations ^on use for farming , amd on about half 
of our land> erosion Is the dominant problem. 



Map of U.S. 
shoving Pre- 
dominant Land 
Use 



Locally cqntrolled rural land Is about equally divided 
among the three major productive uses: croplandi SOJJ; 
pasture and range » 3^^; and forestlands, 32^. j|: About 
heilf of the arable land is used for cultivated Crops- 
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Map of U.S. 
needing Conser- 
vation Treat- 
ment 



Judged according to current standards » 6k% of croplind 
needs additional conservatfon treatment > 6^% of pasture 
and rangeland, 62% of forestland, and 2Q% of other land 
.is inadequately treated. 



Consider for a momdnt how heavily v« depend upon food* Hov much food it 
available in the stores in this area? Suppose all food shipmenti vere stoppedt 
how many days would it take for the people to eat the food itored in the stores? 
The best estimates place the time to eat up the food supply between one and three 
weeks. Clearly, we depend heavily upon timely replacement of our food supply • v 

A look at modern agriculture shows that it depends on tovor technologies: 
mechanization » irrigation, fertilization, and chemical control of weeds and 
linsects. Each technology disturbs the biosphere* 

Mechanization uses large amounts of fossil fuel energy that is often 
substantially greater than the ^nergy yield embodied in the food produced* This 
process also contributes to ero^on and the loss of the topeoil producing most 
of man*s food. Soil erb^ion is one^ of the most pressing and most difficult 
problems threatening the future of the biosphere. Remember, the dust bowl era 
problems created by wi^d erosion have not been completely solved. 

Irrigation has also created environmented problems. In some areas, 
irrigation has raised the water table so that plants become iraterlogged. , In 
other areas, irrigation has concentrated chemical compounds in the soil to make 
the land infertile. An increase in schistosomiasis (snail fever) in some areas 
has been attributed to irrigation. 



The use of chemical fertilizers has mixed blessings. On one hand, food' 
production per' acre is increased; on the other hand, run-off containing fertil- 
izers pollutes .drinking water and stimulates algae growth, making the water- 
oxygen poor. The demand for fertilizers is increasing at an enormous rate. 

Insecticides and h^srbicides present yet another double-edged technology. 
The benefits are obvious to the fanner, but the effects of different chemicals 
in the food chain are riot clearly understood. DDT is a classic example. It 
was considered the wonder chemicjSl until we learned more about its side effects 
on animal life. ' 

In concluding this lecture, I would like to focus your attention on "The 
New Seeds." We have read a great deal about the breakthroughs' in this kind of 
agricultural technology. One example of the new seeds is Mexican Dwarf Wheat. 
This wheat produces well vinder a wide range of soil and climate conditions. 
The yield per acre is increased and the growing time is reduced. Similarly, 
a miracle rice, IR-8, has been developed. IR-o and other strains respond to 
heavy dosage of fertilizer and are more efficient users of sunlight. One 
pound of nitrogen applied to the new seeds can yield up to 20 pounds more rice 
than the traditional varieties in a shorter growing period. 

In summeury, this lecture has been designed to focus your attention on two 
basic natural resources — soil and food. Both resources are renewable, but at 
vastly different rates. Soils take years to develop but oan be destroyed quickly. 
Food production is renewable each year.. However, food production depends upon 
the technologies of modern agriculture which do not always operate for the benefit 
of mankind. Man is faced with the dilemma of producing more and more food with 
newer and newer technologies while trying to answer the basic question, "What are 
the envlronmenteQ. consequences of attempting to do so?". 



ERIC 



4S 



8B0TIOM IV: Natural R^tourott 



L«ctur« kt Wftt«r» Another Batlo Natural Rtaouroa 



Watttr it th« moit abundant an<lt moit Important tubitanoa vlth vhloh man 
dttalf. Tha amount of drinking vatar naadad aaoh yaar by humant and domaatlc 
animal! 1> approximataly 10 tons par ton of living tiaiua. To grov a ton of 
sugar or oorn undar irrigation raquiras about 1,000 tons of vatar; vhaat, rica,' 
and cotton raquira about 1,500, U,000, and 10,000 tona of watar par ton of orop. 
(Sourca: Rogar Ravallai "Watar," Soiantlfio Ajnarican . Saptaabar, 1963, P»^ 57.) 
Watar use varies both in time and In place, and coomonly its variations do not 
match those of the water sources. This mismatch Is the major problem of water- 
supply management. 

Water is a vital reaourpa^Csy all forma of life. Given a supply of water, 
we are primarily concerned with its qualityr^Mn tha^|^S^ the average total vatar 
supply is 1.2 trillion gallons per day — t^a average eUXly iSElsohajrge of stresms. 
Total water use is more than 270 billion gallons per day, or 22ji of the total water 
supply, but consumption of water (vater changed by soil evaporation and plant . 
transpiration from liquid to vapor) vas only about 68 billion gallons daily, or 

of the total supply. The main water problem is that of maintaining good 
water quality. Water is both the most abundant and the most important substanca 
with which man deals. 

Let's focus for a moment on some of the problems asaociated with vater 
quality. Water pollution is not something new. Man has alwaya relied on the 
water around him to carry away and assimilate waste. As long as these wasteloads 
were reasonably small, the natural self-purification processes of the waterways 
could cope with the addition of foreignjaiatter. This is no longer true ^^i^ many 
cases. Later in this lecture we will lnJok at the 'Houston ship channel as an 
example . ■ < 

Our waters are being contaminated by the following: (l) organic wastes, 
(2) biological nutrients, (3) disease-bearing organisms, {k) temperature increases, 
and (5) synthetic chemicaas. Let's look more carefully at each of these con'tamina- 
t ion sources in more detail. Water is contaminated by 12,000 potentially toxic 
chemicals increasing at a rate of 506 new chemicals each year. 



Ori^anic Wastes 

Orgemlc wastes come from agriculture, industry, euid domestic sourcas. A major 
pollution effect of these wastes is the removal of O2 from the water making it 
unfit for living organisms. In I968, enough organic waste to have consumed more 
than 29 billion pounds of Oxygeh (Biological Oxygen Demand - BOD) in decomposition ^ 
was introduced in our water supplies* Other organic wastes Included pesticides, 
herbicides, and hormones.^ For example, Diethystilbestrol (DE8), added to cattle 
feed, was excreted in quantity in the waterways. The use of this carcinogen — 
banned in chicken feed in 196O — caused Sweden and West Germany (l970) to outlaw 
imported U.S. beef because of DES residues. 
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Agricultural chemicals such as nitrate fertilizers, pesticides, and 
herbicides introduce materials that are poisoning the waters ♦ Many different 
physiological effects in humans and living organisms can be attributed tb these 
chemicals. Nitrate levels have ris^n to dangerous levels in many places even 
public drinking supplies in some localities. Accumulation of chemicals such as 
DDT in the food chain are serious threats to man. 

Biological Nutrients 

Another class of pollutants accelerate the growth of aquatic plant life 
(eutrophication) and increase the BOD of waterways. Phosphates and human excreti 
fall within this category of pollutants/ Two billion pounds of phosphate com- 
pounds are added to laundry productirf es^dh year. Heavy-duty detergents are 
35-50% phosphate by weight. Phosphate^ cure '^buflders.** Tliey soften hard water, 
help remove oil €uid dirt from fabrics, prevent redeposition-u^ material, and make 
water ed^kaline. Recent developments in labeling detergents and chemical laodifica-* 
tions to reduce the negative effects of biological nutrients help, but do not 
completely solve the problems caused by the wide-9pread use of phosphates. 

Human excreta in our waterways increases BOD as well as introducing disease- 
bearing organisms into water supplies. All of us are familiar with certain 
negative aspects of cttspoeing of untreated humeui waste in waterways. Nothing 
more nec^ds to be said, about this serious problem. 

Disease-lBearing Organisms 

* Water purification systems were originally designed to kill bacteria only. 
They cannot eliminate all toxic chemicals or etll viral pollution. Consider for a 
moment this problem. Cincinnati increased the water pumped for domestic v 
use hO% between 1955 and 19T0, but the chlorine used to treat this water increased 
200% during the same time period. ^ Recently, studies have implied that chlorine may 
be harmful to humans. Yet, the benefits of this chenjical to purify water is so 
great that we may have to contij>ue increasing our use of chlorine and risk the 

trouble it may cause for humans. ^ , ^ 

f 



Temperature Increases * 

ijUi^erraal pollution has already been discussed in out* study of nuclear reactors* 
Temperature increra^s. are devastating for fish cuid wildlife. Elevated water 
temperatures greatly increase the survival of unwanted organisms, while decreasing 
the ItPt span and the number of more desirable animals and plants. Thift higher 
A the heat, the more bacteria survive, includingyacteria that cause disease in 
^ meui. Viruses thrivd in fish subjectedr to increased heat. The toxicity 

^ of many pesticides to fish is greater at high ^mperatures . ^ 

r >/ ' 

Synthetic Chemical fi 

... ^ • . . 

Synthetic chemicals both organi<f and inorganic found in pesticides, plastics, 
and detergents provide setTious threads to humeuis and other living organisms. The 
pollutants meiy be toxip<\ carcinogenic, mutagenic (causing genetic damage) or 
tetratogenic (causing birth' defects) to €tll forms of animal life. For example, many 
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of thftie chemlcaas Include small. amounts of mercury » lead» arsenic ^ and cadmium 
that accumulatt in tha food chain* Tha affects of these chemicals on living 
organisms is not likely to appear tor years. Treatment of public drinking water'' 
does not remove these chemicals. 

To conclude this lecture, let^s take a ^JLH along the Houston ship channel. 



Asslfi^nment ! Read Chapters ^ and 3 of the fcy*x>ving: 




Cargo and Maliory. Man and His Qeo logic Environment . 
Company, Reading, Massachusetts^ 197^. 



Addison Wesley^ Publishing 
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HOUSTON SXSP mmSL POUitXFIOll 
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from San JaMntc 
Monument '^r 




The Houston *0hlpplng ohannel which ifi soiM 2? mllds Xongt 
hiw been recognlaied,Mi one of the vorld^i vorst ^polluted 
bodies of vater. Miuiy biologist a consider over h(U.f of 
the chapn^ as being dead I 



J" 
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Water level 
view of 
channel 



A trip up the cliannel vill show numerous areas where 
pollutants fitre being allowed to ^nter the channel. 



Texas A&M 
fresearch vessel 



The/TexjSLB A&M polj^ution researchlj vessel is used to 
tra(vel the channel and collect vivluable data on channel' 
pollution. 



Oxygen recorder 

\ 



This vessel is capable of continuously monitoring such 
things as. dissolved oxygen,- salinity, and temperature. .. 
It can also take samples as desired to a depth of 100 feet. 
Bottom cores may also be taken. 
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Inity record- 



Teinperatur 
recorder 




> 
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Clo£)e up view 
of bridge 



This is a picture of the bridge of the monitorfng 
vessel. 



View of 8hoJ*e- 
llne 

i 



A variety of Industries are located on the channel-. 
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Refineries 



"I J ■ ■ 



Here w* ««« oil reflnerlM. 



Houston Light- 
ing and Pover 
electric 
plant 



Houston Lighting and Power Company. 



Ship unloading 
at dopk 



Grainery. 



View of dock 
and plants 



Steel plants* 
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Shoreline wl til 
tanks ' 
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Natural gaB storage and refinery. 
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Ship moving up 
channel 



Shipping. 



rERic 



§5 



View from Sah 
Jaqlnto Monu*» 
went 

1 r"' 



All of th«t« prOduQ* th#fr own oh*r«ot«rl«tlo pollution. 



View o>f ground 
and stack i'lar- 
ing 



Oil companies produce atmospheric pollution with flares 



r 



View of smoke 



and smoke. 



Outflow from 
ch)hnical plant 



Chemicals in the water effluent. 
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Vlaw of el«ctrlq , 
pl«nt 



J — . 



Houston Lighting and Pov«r Conpany thtzfud pollution. 



View of^ grain 
coating water 
surface 



1. 



The grainery produces soioe atmospheric pollution and 
much of this settles onto the channel water surface and 
adds to Its pollution. Much of this fine grain dust 
causes a great reduction of the oxygen in €ht vater as 
it is used up in the decay of this type of pollutant. 



View of steel 
pi Wits 



L 



Armco Steel is a major polluter of the Houston ship channels 
It not only pollutes the water,- but also the atmdsphere*. 
Notice the color of the water and the plumes of dust- and 
smoke being blown into the air. 



View of solid 
waste on. shore 



Other \>aste products from the steel plsuit ^rfe dumped into 
the channel. These are rich in iron and do their share in 
reducing the availaljle oxygen as th6jr rust away. 



Cl09«~Up of 

oystore (uid 
view of load- 
ing, dock 

i_ .r' 



Oyster s^elXi are dredged In large x;^uantltlei« This does 
not contribute vetV much to the pollution; hovever^ It hae 
ruined ^the ecology of many of the byster toede* 



Flaring from 
stack 
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Natural gas plants contribute to the pollution by the use 
of flares and the dumping of liquid wastes into the 
channel • ♦ 



Outflow irito 
channel 
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View of ship Shipping itself contributes considerable pollution to 

discharge and the channel — bildge discharge and Snel losses and 

tugboa't vlth consumption, 
barge 



H3 



Vlw of ifti^ 
vak« 



VhiB pollutlqn la alto add^d to by household detergent* 
and others ^st cause the waste to foam up« 



Coating and 
debris in 
water 



Others simply cause the water t6 be unusable < 
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Shoreline with 
dead trees and 
, debris 



Many times plewits along the channel are deaj^royed by 
the pollutants. - V ' , 
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Two views of 
tunnel crossing 




Lead from the exhausts of mc5tor vehicles driving through 
the underground tunnel adds its unique pollution. 



(view of 
tunntl oro98lng 
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Slemson Dock 
and trailer 

truck 



r 



Atlantic Richfield Company haa given iome indication that 
they are at least somewhat concerned with pollution. 



SKCTION IV: NAturml Resources. 



Leotvir* 5: Solid WaitM 

■ ■ - - , ; .,■ ' :. V, ■ 

Why is our landicape not littered vith huge bon«i of dinoiaturi or dtbrlt 
from living thingsT. The answer .to thle (juestion it. to obvioui'thut ife teldoa 
think about nature •* recycling proceeees* However, we* are rapdlly becoming aware 
of man'e lack of reoyfcling proceeeei. Thie it not to iinply that nature** 
recycling processet And man's recycling procettet are unrelated, jUtt the opposite 
is true. • • 

The movement of matter through the industrial process, unliklf the aovenent 
of material through the lif* process, is- generaijing an ever-lrtcyeising quantity 
of waste, mostly in the form of solid material. Natural processes degrade this 

material, but the process is very alow. It ,1s the relative discrepancy in rates 
of degradation and production of man-made wastes that is^causing our solidywaste 
disposal problems. / » 



Aaslgnment : 

Read Chapter 13 from 'the following: 

Cargo a,nd Mallory. Man and His Geologic Environment , Addison-Wealey Publishing^ 
Company, Reading, Maeaachusetts , 
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f Qurcf • of Solid WMft tad Coll»otion Problftta 

The tot»l (iuMitltl«t of solid v*tt«t art largt and lnor«wilnt, Munioipal 
•olid vtist* av«r«g« v*f poundi ptr person per day In 196$ aod over 5>5 pounds 
per person per day in 1970. fhe vaste disposal system of an avweage oity must 
aoconBDodate about 150 pounds of vaste for eaoh ii-»smber family ewxy day over 
200 million tons per year. This amount contrasts greatly with tl^# l.TSJpounds of 
waste per person per day in Sydney, Australia, and about one«^half poufto^er day fojr 
a person in India. St ^ 

Municipal waste consists* of about %0% paper, 12l food, 10% wood and garden 
refuse, lOX leather , *ra«s , plastic, rubber,, ash, and miscellaneous dirt, metal, 
and 9% glass. A major reason for the large accumulations of municipal waste oah 
be attributed to the way our goods are packaged and the affluence of our society. 

.r • 

Figure I Bhows th^ mnjor sources and quantities of solid ws^stes in the United 
States* 




' Industrial 
1.25 million 



Figure 1 

Sources and quantities of solid wastes in the 
United States (approximations expressed in tons 
per yeatr) 



The. disposal of trash causes many environmentally related problems. We exe 
all aware of the litter we see everyday. In addition to Iit1^e5r, our health is ^ ^ 
endangered if we do not have , rap id removal, and safe disposal of many kinds of 
waste. The disposal of solid waste is becoming an increasingly cferious problem. 
Id*€uLly, we need biodegradabJ^e containers; however , the ideal Is seldom found. 
The ice-cream cone is the ideal packaging material > but -we canH find such perfect 
packaging material for everything we use. 

The collection of tra«t^ is another serious and expensive problem. Consider 
for a moment the problems faced in collecting trash from a hOO unit high-rise 
apartment building. How can this trash 'be collected efficiently? One of the 
neatest ways I know is used in Sweden. Apartment dwellers there place their trash 
in a, receiving. hopper > push a button, and everything is sucked through a pneumatic 
pipe into a central receiving station ^r collection. Collection costs for municipal 
wa^^es in the U.S. r\in as high as $15 peKsi^n 1^;! some cities. ^ I * 



DiiDoial of Solid WMfi . \ ^ 

Th« moft primitive form of v»8t« ditpoial it the OPtn flump . Wwt* if 
collected «hd dumped in an open pit idbere it it oonjpaoted end spread throughout 
the area. Formerly, open burning of the duaapp helped reduce the volume of material. 
However, that practice hap been stopped by legielation. We can ill understand/ 
why an open dump is not a satisfactory solutibn to our disposal problem. 

A modified form of the open dump, the sanitary landfill , is a more satisfactory 
disposal system. In this case, the waste is dunked into an open pit where the 
waste is compacted and covered with earth material. There a?^ several different 
designs for sanitary landfills, but they all incorporate the idea of placing the 
waste in cells that are covered with and isolated from each other by earth material. 
The landfills, when completed, can be used for parks, golf courses, or reclaimed 
for other purposes^. 

• ■' ■ 

A properly engineered landfill should be located on a site where rainwater, 
leaking through" the refuse* will not pollute the groundwater, strean^, lakes, or 
nearby land areas. Geologically satisfactory landfill sites a^ not easy to find 
and many cities are placing landfill sites in areas of convenience rather than 
areas that will prevent pollution of the area in the future. As good landfill 
sites near cities become filled, the waste will have to be transported greater 
distances at increased co8ts^.;^-Jhi8 ir>troduces new politicad problems becftjisa-^ 
people in one locality seldom waht to receive ti^ksh from. another locality. 

incineration is a method increasingly being used in some metropolitan 
areas. This process is not Vp be confused with burning in an open pit. Incinera- 
tion is a procedure for insuring complete combustion and a constant movement of 
trash into and out of the burning chamber. The ashes are removed by conveyor 
belt and cooled, the metals salvaged, and the remainder taken to a sanitary 
landfill. The heat produced in burning can bemused by indiisitry. 

Some^ pf the problems associated with this process are: (l) maintaining a 
constant furnace temperature for efficient operation while using a heterogeneous 
fuel mixture, (2) the maintenance 6f complete combusion, (3) the disposal of 
acidic gases, Ik) the safe disposal of gases produced in b\irning of plastic 
(polyvinyl chloride - PVC), and (5) the pollution of the aJLr because of incomplete 
combustion. ' 

Incineration does have the following benefits: (l) it may help alleviate 
the energy crisis, (2) it reduces the volume of material by Q0~90%t (3) it produces 
an inert and odorless residue, (U) it provides a relatively simple means to redlaim^ 
metals, Itfi* (5) it reduces the health problems associated with ottier disposal 



procedures. 

Ocean dumping , practiced by many coastal cities, is becomijg an increasingl:^* 
unsatisfactory system for waste disposal. Aquatic dumping^areiff are almost devoid 
of life., ihis process disturbs the food web in the oc4a^>rC While this method of 
disposal rertioves the unsightly trash from land, it is polluting another part of 
our environment. j ' j 
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One of the moit satlafuctory ways of diapotlr^ of iplid vaite is by 
recycling ., Thli prooeoi coneervei jboth energy and mateMi(j||, However, as 
ideal as this praceea eeema to be, it It not bo ttaay to^caJfy out.. Nbw every- 
thing it recyclable. Also, recycling centers need an enormous volume of 
material to operate economically. At present, the most efficient j^.cycllng 
operations are plants set up to recover metals fi:om Junked cars, mlllons of 
cars are Junked eich year. Mfjoy of these cars are now being sent to recycling 
plants where the cars are shredded and the different metias separated mechanically 
for reuse. We should expect recycling plants to increase in the future even 
though such plants create pollution and consume valuable energy resources. 

Recycling techniques include : (l) melting^— needed primarily for metals, 
glass, iwid some plastics, (2) revulcanizing — needed to salvage rubber products, 
(3) pxMping and converting to paper ~ used to reclaim material containing 
natural cellulose fiber, (U) compacting — recyc^^ organic matt^by decay 
organisms to make humus, (5) rendering — cooking of animal wasted yield 
tallow to make soap or animal feed, (6) farmentation — used with , 
straw, sawdust, orchard prunings, and farm wasite to make food for animals, and 
(T) industrial scLLvage — recovery of waste materials to be reused in euiother 
product. ^"^ 

y I In concluding this lecture on solid wastes , it is a good idea to return to 
tkie ideas that were /developed at the beginning of the lesson. We . have enormous ^ 
quantities of solid wastes that must be placed in disposal. For example, the 
U.S. Junks over T million cars and buses yearly, 100 million tires 'are discarded 
annually (only about 30^ are reclaimed), 30 million tons of paper, h million 
tons of plastic, 30 billion bottles, 60 billion cans, and uncounted millions 
of major appliances. The cost of collecting euid disposing of solid wastes 
amounts to billi^ annually -and the amou|^t is rising yearly. Clearly, our 

nation of affluence is burying itsdlf in^^Sf^i.^ waste. 
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Stctlon IV: llituri^ Rffourcei 
6ynth«fii t»«ct\rft for Section IV: Hatural Reioureta 



In this Xectura the intent ia to fbcue the Btudent*« attention oh the 
difficult choices man vill have to make in learning hov to llv6 tn a vorld 
that appear • to be running out of everything. Bjcperience hat ahown the,t etudenta 
appreciate leahidng about idea» that encompaas mor* than a "dobmeday" approadh. 
Therefore, I chose to emphaaiae basic facts — what the real situation is — 
and a3,temative procedures that hold promise for helping us solve our environ- 
mental problems related to the expanding use of our natural resources 



Aeslffliment ; 

Barne^t, Harold J. "The Ifyth ^ Our» Vanishing Resources,*" The Surviva l Eduatlon. 
Houghton-»Mifflin Company, Boston., Massachusetts, 1971, pp. I8O-I86. 

Ingram, Earl. "The Lemings are Coming," Phi Kappa Phi Journal , Spring," 19TU, 
pp. 22-30. 

McKetta, John J. "Has the World Gone to Hell?" Speech given at a Technological 
Awareness Meeting ^ May 22, 197^,- at the Sabin^iver Works." (Unpublished 
speech as far as I know) 
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The econdmlc«,of mineral, explomtion, extractioni procetilng of raw 
materials , and consumption of manufactured goods eannot he separated from 
the geological afttlng lAion dlaoustlng man*t use of our natural resqibrces. 
Whether we like it or npt^ our soelety and Its institutiotts are directly 
concerned with the monmary cost inrolved in using our natural resouroes. 
We may not like the wayN{coi\omlcal considerations llwdt our \ise of naturaij. 
resources but we must faoe up to these limitations. 

For ex^antple* ilRlus^ry has ho idea of society's value of how clean air 
or water ought to be. Society must set these limits. The problem is something 
like this/ Society will set a limit on how much it will pay for meat or tooth'^^ 
paste t but it has not set limits on how mwch it will pay for clean air or the 
disposail of radioactive wastes. What happens whenjre don't know the cost of 
eliminating or reducing environmentad poUutiont Vratt is the cost of elimina- 
ting wastes? These aire hard questions tp answer, but you can begin by deciding 
what environmental quality li(.mi|;s you Jwri^ willing^to set and what you are 
willing to pay. ^ ^ 

y ■ V 
One way to help organize a rational view of Our natural resources is to 
consider the idea of "trade-offs/" As the economists put it» "There is no 
such thing as a free lunch." We benefit by using our natural resources wisely^ 
but there is a cost in some form of environment al qualiit^y in every case. If 
we remove raw materials from the earth, we mupt leave the earth in a different 
condition than it was before we started VorlfT What "trade-offs" are you willing 
to make? 

Consider for the moment our nonfuel mineral resources. Man will continue 
to extract raw matericuLs from ever-poorer natural resources. As the grade of 
a mineral deposit decreeises , the reserve's increase, but production and processing 
costs increase. Energy demands increase as the grade of ore decreases — cheap 
energy means cheap raw materials. What does the future hold when Ve. accept the 
conditions mentioned above?. 

Idea I t Man^a^demand for more raw materials will remain high and the variety of 
materials used will increase at a cost of environmental quality. The amoijuit of 
environmental degradation will depend upon what limits society sets. 

Idea 2 : Man will learn to^live with the problems of decreasing easy accessibility 
to raw materi€LLs by developing mineral policies that incorporate* efficient relation 
ships between demand, e:^i)loration, extraction, production, and consumption. 

Idea 3 : Conflicts of interest represent one of the besfVays man has of communi- 
cating his aspirations and needs with pthers , and only through increasing ^ 
intensities of political confl^^cts (short of war) can realistic environmental 
mineral policies for all be developed. j 

Let's change our point of vieWto euiother basic natural resource ^- water. 
We learned that man's demand for water is increasing at a rapid rate and that 
the supply of water is sufficient on a leo^ge scale, but insufficient on a local 
or regional scale in many places. Furthermore, innovative technological schemes 
are available to make efficient use of water possible by industry, agriculture, 
and domestic users. What does the future hold for our water management procedures? 
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Idea U ; Water will be recyclaa'more times in the future and water-aUJjply 
management procedure* will include new technological proceasei/'for m«klng water 
use^ more effixjient but at a Higher cost* 

Idea Water distribution plans will be carried out to bring water from areas 
ofABurplus to afeas that are water deficient. These distribution plaiis will cause 
--«c6Eronmental changes that are both positive and negative. 

Idea 6 : Our water problems of distrubution and watfer quality will be worked out 
in a se/ies of short-term events that will ultimately be combined to provide a ^ 
long-iterm solution. 

With respect to our" natureO. resource — the soil — man is faced with many 
serious problems. Soil is a natural resource that requires a long time to recover 
from environmental damage. The use of fertilizers is increasing rapidly and 
will continue into the forseeable future. New seeds and new kinds of plants 
provide temporary or "stop-gap" solutions to our food supply. However, with the 
rapid increase in population, food supplies will^ontinue to be limited iij many 
areas. What does the future hold for bur soils and food supplies? 

Idea 7 ; We should expect to see man use a greater proportion of the arable landr*^ 
and new seeds" and plants will increase the total food supply. Howevajy per 
capita consumption of food will depend upon man's ability to malutaii^ popula- 
tion of reasonable size. I cannot feel optimistic about our ability to prevent 
famines in many areas. Ehrlich's predictions have been and will continue to 
be correct. ^ ** . - / 

Idea 8 ; Man's approach to maintaining productive soils will depend upon how he 
treats the basic causes of soil degradation — his ignorarice of the value of 
soil and his attitude toward maintaining this natural resource. 



The problem of the p'roper disposal .of all kinds of waste is a new kind of 
environmental problem that , man is Just beginning to recognize. Our studies 
verify that waste disposal problems are not something that will disappear in 
the /lear future. The per capita increase in waste and the increasing complexity 
of wa'stes that require dispol^l — e.g., radioactive wastes — poses a challenge 
to industry, agriculture, and residential users. We learned' that our current 
waste disposal procedures are primitive and only short-term solutions. What 
does the future hold for the proper disposal of all kinds of waste? 

Idea 9: Man will continue to use an increasing variety pf short-terra solutions 
for waste disposal problems — e.g., biodegradable packaging. 

Idea 10 ; The development of recycling processes will greatly expand and provide 
a stop-gap solution for disposal of many industrial, agricultural, and residential 
wastes. 

Idea 11 ; The disposal of radioactive wastes is a serious problem that has no 
adequate solution in the forsepable future. 
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i^SjRj^: The variety of ,vaBt«i |~ «,g.. plustlcf — will Incrtimti «Di<l reiHlrf / 
n«w technological solutions that^vlll be utilising Inore^i^hg formif of biodeg»a4- - 
a^le materials. ^ * > \ - \ . , 

In suaaary, this section" has tried to take a "hard IpJ;^" at a fev o£'6ur * 
major natural resources. There vas no intent to coyer the whole field of nifbu»il . 
resources; rather, It was felt that an intensive jLook at our dependettcy-^upon , 
natural resources would best fit th^ needs of this class. -^JCn'.iiome ^apeoti 
the ideas covered in thi* "sectlQh provide student* with. * reasonably ^straight-, 
forward cause-and-effect relationship in our use of *arth materials. For «xaa«>le^ 
if we mine an ore certain predictable environmental effects will result. *> There- 
fore-, I h*ve tried to emphasize that we must attack the basic ^atuses of environ-*' 
mental degradation, hot* Just the symptoms. ,» - 
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Seotlok V: ^ Oceanography 
lr«cture X: The Oceans 



Th A major focus of this lecture is to introduce: ' 

1) ideas that students viU find helpful in org^Aizing' their thought 
,a^out the oceans. For exmp}.^, information about the size, of the 
oceans, tlieir origin, the effect of sunlight on living organiiwiSv 
the distribution of life in the oceans, and the dependence of man 

rt:. on the oceans f6r food are suitable topics to liiolude in thi^ ledtuj-e. < 

* 2) ' ideas describing the physical resources of th«j|ocean, Iricluding, the 
resources found in seawater, on |the ocean floor, and beneath the 
, ocean floor.' ^ 

3)* information that will help students see the relation betveen man, 
oceans, and climate. 

k) environmental considerations that are affecting m/w's relationship 
* with the ^ ocean. 

" In this lecture, I have purposely omitted specific examples that cam be used 
to^&convey the ideas abdve. I feel the instructor can easily find examples that 
exempli 1^ the 'ideas from his o>hi background that will be better than the ones I 
flight' jrti§gest;" ' How^r, I have found the sli'des I recommend highly satisfactory, 
'an^ iff eel that your embellishmettt of the narration will besl^ serv| to mahje the 
l^ture inter estii^j||,d informative, for your students. 

Aa3igniafe i|t . 

Read the ifollowingt £» 

"Ocean Bottom Minerals Ocean industry , • Volume 3, 1968, p!^l-73. ^ 



Slide of tntir* 
•arth from 
apace 



Thit tX^de ihpvt the oontraat betveen the vest area of the 
oceane coagpaired to the land, 11% of the iiurfaoe area la 
ocean compared to 29$ land. The average depth of the 
oceans !• 2 1/2 milet az^d the ocean volume Is about 

350 million cubic milesW 



Bketch of 
eatrth illustra- 
ting the open- 
ing Qf the 
|an8 



This slide Introduces the idea that the ooeane ata ve kn6v 
them tQday are a relatively recent geologic feature. A brief 
dlscuiisloa of continental drift and seafloor spreading is 
tipprcqfwriate* 



The sunlight supplies energy to the stirface and the upper- 
most layer of the water. The distrihutlon of this energy is 
important for living organisms^, A brief comment about the ^ 
penetr^ioD of sunlight Is .desirable. For epcample, 90jf-of the 
basic* material that fuels and builds the. life in the o6ean 
is synthesized within the lighted surface layer Qjf open water 
by the many varieties of phytoplankton. 



Surfac 
ocean 
sun gl 



e of the: 
showing ^ 
ar? ^ V 



J 



Photo showing 
the distributlor 
of living organ- 
isms within the 
I ocean 



We find thp^ living organisms are distributed both vertically 
and hori^fcontally in the ocean. This slides reinforces the idea 
that life is mo^e abtmdant n'ear the .surface where sunlight 
penetrates l^.most effective.- 



70 



Pishing 
vessel 



i_ r 



Both directly and Indirectly ^ man is dependent upon the 
oceans for food* Any things that we do to interfere vith the 
production of food from the ocean Is disastrous for man* 
Consider for a moment the effect on man if our new chemicals 
were killing off the plai^jkton in the oceans ♦ Ppllutlon of 
the oceans must be prevented at all costs. t 



Sketch showing 
upvelling 



1 



This slide illustrates that upwelllTigs luring uutrte;iti| to 
the surface and ^ost good fishing areas are associated with 
such^pwellings. The caijse of upvellings should be e^cplalned 
and locations of good fishing areas identified. 



Configuration 
of the near 
continental 
ocean floor 



Many of the physical rlssources of our earth are aj3sociated 
with continental margins. From this slide you shoulii point 
out €tnd identify the element jCcOf the shore profile and 
the major divisions of the life zone df the sea. The sketch 
before could be used as an overhead transparency in place of 
this slide. 



1»- 
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^high water 



iupmlUtorpJ 



low mttr 



Uttorttl 



inner 



outer 



sublittorul 



6- J Marine environmental zones. 
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(Reference; 



Ingmanson, Dale ^. and Wi'lliam J. Wallace. Qceanology: An 
Ir^roductlon > Wadsworth Publishing Company, Belmont, 
'California, 19Y3, p. 2lB.) 
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•Slide: 
"iJan and the lSS7S\ 
sphere," from 
Sc i en t i f i c Anier^ 
lean, p. 86-87, 
shows- major fish^ 
a^eas 



r 0UUWE 

^ ling i 



Jsildfe; 
'**Man and 4;he too-- 
sphern," from, 
Scientific Amftr- 



ic«n, p.92, feho^s 



tbe exploitatiqa 
of ■ fish- 



ERIC 



This slide is excellent for showing the political implications 
of oceanic food resources, Pish* catch is reported in millions 
of metric tons for. the differerVt ocearfq. Countries l)ordering 
the ocean are changing their boiindaries to include mdre of 
this economic resource zone. As we expand ty\xr take of morft^ 
resoxirces r- and mining — the political, conflicts will 
increase between nations^. 



this Ifttefesting slide shows the locatlo;i of t^ia 30 majoy 
fish V'tocks taken from oceans and identifies those fish 
stocks' that Jprobably are .fully exploited or in danger | 
of being overfished. ^ , . 
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8k6tch of a 
cubic mile of 
seawater 




What iB th«. value of the element a found In a cubic oiilo 
of eeavater that 9ontain8 I65 million tons of diasolved 

matter — moatly chlorine and sodium? ^ 



Chart 
"shoving 
the elements , 
minerals, and 
other materials 
tound in seavat4r 
and on or beneatli 
I the ocean 1 



floor 



Since early times iian has depended on the ocean for food. 
Nov he looks to the sea for other resources* Oil^ gas» 
and sul^Tur Are produced by offshore drilling ; coal and iron 
ore from lines driven from dry land; heavy* miner €tls tin, 
diampnds^ fend manganese by dredging; and fresh water , salt, 
raanganesium, bromine, ah^^othejr materials are obtained froto 
seawater. 



Slide of 
experimental 
living quarters 
from the aqua-^ 
j naut program ^ 



The search' for ney techniques 'to explore and live in the 
ocean environment has long been studied by man. New diving 
devices and specially designed vessels are being created 
and used by man to learn how to obtain the greateat benefit 
from the, oceans. 



Slide shoving 
the surface 
circulation 
patterns of 
t the oceems 



n 



The circulation of the ocean waters transfers heat energy 
across latitudes and make some places warmer or colder than 
they would.be if sjich circulation didspjiot, occur . An 
explanation of ocean currents would be helpful at this point. 
The effect of ocean currents- on climate and weather systems 
should be developed. 



ERIC 
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Slide ihovlng 
the shoreline 
near Miiunl 
or Corpus 
Chrtsti 



In the final slide » or- slides, for this lecture » it is 
vorthi^il« to shoy hov man is modifying the shoreline 
to fit his deiires, . Dredging and filling in many areas 
has completely c];iaixged the nature of the shoreline in 
populated areas. Eqtuaaiy serioua in the long run may 1;>e 
modifications^ maq has made by damming up the streams 
that enter the ocean. "Dams stop the movement of earth 
materials to the oceai\8. As a^Vesult, wave energy and 
currents are eroding areas thai ' formerly seemed stable 
or 'in equilibrium. The long-term effects of man's 
modifications are not fully understood at this time. 



In summary find that the oceans are: 

1. a m^;Jor source of food for many people 

2. a receptacle for waste , 

a source of tida^ and current energy 
U. a medium for cheap traaisportation 
. 5,. a source for fossil fuels 
6» • a storehouse l^or dissolved materials and fresh water 

While it cannot be denied that the ocean is a tremendous resource for many . 
things* -Jihat man needs, jit must be pointed out that the concentrations of these 
Materials is »UQh less in seawater than in earth materials* To extract materials 
from seawater will^ be costly and inefficient. For example » to Just move 1 cubic 
mile of seawater. thi?ough an extraction plant would require 2.1 million gallons 
per, minute for a year — IfS remofe the materietls we wanted would require an 
additiopa]^ amount of ei^^^gy that is beypnd comprehension* * 
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Section V: Oceanography 
Lecture 2: The Role of Man In Eatuarine Procctaaet 



t "Estuaries are places of dynamic interaction, vhere rivers meet the sea 
and deposit their wastes, where fluvial and oo#anlc processes interact — a 
^ complex interface. The qualities of estuaries are of extreme importance, to. 
man because they elao are foci of human Interaction arid settlement. Of the 
world's thirty-two largest cities, twenty -two border on eetuaries, including 
the four largest Tokyo, Lonon, New York, and Shanghai."* 

Imagine the problem as described in the New York Times > PebruajT" 25 » 1970: 
Sewage produced by New York City totals 1*300 million gallohs a day, including 
360 million gallons of raw sewage, producing a large polluted area 12 miles 
out to sea. Similar problems are found in Eurojpe, and the continental shelf 
of France in the Mediterranean is a sterile stretch of black muck from the cities 
of Marseilles and Nice-. 



Assignment ; 

Read the following: 

Cronin, L. Eugene. "The Role of Man in Estuarine Processes," Man ' s Impact 
on Environment . Thomas Detwyler, editor. McGraw-Hill Book Coin(Pahy, 
New York, 1971, pages 266-29^. 



( 
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* Cronin, L. Eugene. "The Role of Man in Estuarine Processes," Man's Impact 
on Environment , Thomas Detwyler, editor. McGraw-Hill Book Company, 
New York, 197.1, p. 266. 

( 
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What is the geologic aetting? Efltuories are located at the moutha of 
rivers, are semi-enclosed, raauiy are natural harbors, eund they are ideal 
locations for disposal of vastfe products that can be carried by water, 
Estuaries usually have high flux and flush conditions that are advantageous ( 
for the disposal of great quantities of viiste. In addition, estuaries are 
frequently natural transportation centers. Historically, estuaries primarily 
.received only silt erosion prior to the l850's. For the past 125 years, 
estuaries have had industrial., agricultural, and domestic waste added to 
tho erosional load. 

Vftiat are some of man's activities that affect an estuary? 

1. Modification of river flow > Man's efforts to control rivers by dams 
reduces river flow ar;d erosional load. Water taken from lakes behind these 
dams for irrigation and domestic consumption represents a diversion of river 
water from the estuary. Conversely, river flow can be increased by diversion 
of water intcJ the river watershed and by man's activities modifying the water- 
shed by deluding the land or covering it with asphalt to prevent infiltration. 

Some of the environniental effects resulting from the modification of river 
flow are: (l) saltwater intrusion further upstream, (2) enlargement of the area 
of oxygen depletion, (3) both on increase and decrease in nutrient supply 
(depending upon the chemicals added to the water), (U) destruction of spawning 
areas for fish, (5) destruction of shell/ish beds, and (6) increasing erosion 
of sl;iorelines because of a decrease in sediment normally transported by long-- 
shore currentp. 

A number of studies have shown that modification of river flow by man 
am result in positive environmental effects. In Fl5rida, the intermittent 
controlled release of fresh water ha* probably enhanced the fisheries by 
Increasing nutrient supply. Also, bays with little flushing may develop 
higher productivity and more effective regeneration of nutrients. Clearly, 
the effects of regulated water flow can be both positive and negative and until 
man has a better understanding of the estuary ecosystem, some effects are specula- 
t i. ve • 

2. Thermal addition . The addition of warmer waters in estuaries causes 
profound changes in chemical and biological rates and processes. The dispersion 
processes for warm water iti estuaries is not completely undergjtood and thermal 
effects are different in estuaries where tidal flux contributes to mixing. In 
one study, it w^s found that warm water remained below cooler fresh water and 
above cooler salt water. The interplay of salinity and temperature on the 
density of water pfoduced this effect. In general, th^ effects of thermal 
additives to estuaries produces more negative than positive environmental 
effects. 

3. Changed salinity . In locations where esURaries have been closed off 
from the open sea and fresh water diverted into the area, vast changes in the 
ecosystem occurs. The Dutch completed such a conversion in 1932. Obviously, 
the saltwater communities were destroyed; however, the fresh fish production and 
the increase in pork production from reclaimed land more than trebled food 
production from that area. 
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h. Modification of bekB.lns , By dredging and filling, mari has changed 
the flow patterns of many estuaries. The usual e'ffecta on the -estuary are: 
(l) reduction in water area, (2) denudation of bottom as fill Ib removed, 
(3) modification of currents and tidal exchange, (U) eateratlon in salinity, 
temperature, and oxygen content C|/S»4.he water, and (5) sediment dispersloij. • 
The environmental results of dredging and filling are both positive and negative'' 
on the estuary ecosystem. 

5. Chemical effects . 

(a) Rachael Carson .named those chemicals that affect .living organisms 
"biocides." They 'destroy life and are appealing in estuaries in increasi-ng 
amounts. If "biocides" in small quantities (below the toxic level) are intro- 
duced in the food chain, organisms at the upper-end of the food chain are 
-^ound to have quantities of the chitolcals at a lovel many times greater than 
the level found in the surrounding water. A major effect of these chemicals 

is to inhibit growth of many organisms. In general, we should expect increasing 
damage t.o the estuary ecosystem as new chemic£ils euid increasing amounts of * 
regularly used chemicals are carried to the estuary. 

r 

(b) I^utrient chemicals containing nitrogen and phosphorous stimulate algal 
blooms In estuaries. A major source of these two elements is human sewage.- 
Other chemicals that serve as nutrients are phosphates and nitrates. Algal 
bloom causes deoxygenation of the water and gives off undesirable . odors . 

(c) Radioactive wastes are foimd in higher concentrations in estuaries than 
in the oceans. Radioactive wastes are of concern because they may cycle and 
recycle until they enter human food supplies. These wastes also effect the 
gono^tic structure of aquatic orgajiisms. 

In concluding this lecture, I chose to end with a positive point of view. 
Experience has shown that it is easier to remember and use negative examples 
in destrribing environmental problems involving estuaries. Therefore, it is 
unfair to the student to provide only this point of view when there is a 
f)ositive.> viewpoint to be developed. Consider the points below: ^ 

(1) estuaries by their nature resist chanfi^ 

(2) estuaries contain within themselves tKe mechanism for providing 
recovery by natural processes 

(3) estuaries show great biological variation and are^ therefore, easily 
degraded by waste 

{h) chemical additives, intelligently us^ed, could protect or enrich 

es*tuaries ' ' / 

{':>y thermal waters produce many desirable effects aiid might be used to 

improve estuary conditions and habitats for living organisms 
(6) diversity among living species provides the opportunity for man to 

develop new specif that are beneficial for man ^ ^ 

(T) efficient management of estuaries provide||^the opportunity to increase^ 

the benefits man acquires from estuaries. 

Manipulation of the gross ecology of estuaries may ultimately re^^t in 
improving this natural resource for the benefit of all men. 
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Section V:' Ocewogr«phy 
Lecture 3: SyntheeiB Lectm^e fbr the'Cours* . 
Environmental Earth Science 



In the final lecture, I prefer to review the major :^int» that have been 
proposed for each syntheais lecture in the dififerent sections of the course. 
Several reasons support the Use of this appro^h. First, the major points 
developed in each synthesis lecture are broad in scope and r«ifer to many differ- 
ent but specific ideas discussed in this course. Second, the major points were 
designed to be "anchor points" around whibh the subject Idefui could be fixed. 
Third, the major points were designed to show the students what is fact — what 
does the information we have studied say that is concrete, reasbnable, and worth 
while to assess when we study environmental problems /rom the vviewpoint of 
geologists?-* 

The major points of each synthesis lecture are reproduced here for your 
study and consideration in designing a final lecture for thi^ course. Slide! 
and overhead transparencies used in teaching the course will be helpful in 
making the final lecturer meaningful &nd complete for your students.. 

Major Ideas' of the Syntli^la Lectures 
Section JC : Man's Effect on Nature 



1. Overemphasis on environmental degradation is not sLvays helpful. We 
must learn to recognize and cultivate positive envijronmental values. Man has 
improved on nature as in some cases — e-G-* introduction of different plants 
into new areas » introduc1<ion of animal s in habitats that vera void of these 
animals* improvement of food production by nevr kinds of plants. 

2. The environments men create through their vants constitute to a very 
large extent the formxila of life they transmit to succeeding generations. 
.... the characteristics of the environment condition young people and 
thereby determine the futixre of society. 

, Rene Dubos 

\ 3. The present trends of li^fe in prbdperous countries are usually assumed 

to represent vhat people veuit, but in reality the trends are determined by vhat 
is available for choice e-g- » the kind of automobiles ve can buy. 

U. If we want to reduce the conflicts between man and nature, we must 
maintain a diversity of i^as^ a full range of options so. to speak,, to Insure 
that a wills' rang© of poyslhilltles exist among men. (Use selected slides from 
the AVT lesion on* Population to illustrate this point.) , 



78 



# 



11 



5» Envlronmaota). d«gra<Utlon has many causes » hovever» one primary cauae 
io related to hov man views the use of property. We must develop multiple 
uses for the land. . (Use selected slides from the AVT lossq(n on Land Use 
Planning to illustrate this point.) 

6. The concentration o^flarge numbers of people in urban areas inten- 
sifies many envix^jnmental problems. We must leJrn to spread out the effects. 

1. Environttental hazards are so subtle as to be beyond the IndirlduaX's 
perception and control — e.g^t The Tragedy of the Commons. We must find out 
the true cost of our actions • 



Section II: Entergy 

* ' 1^ 

Idea ffl: Energy sources, regardless of hov'^u view them, have to be 

considered finite at this time, -and in the immediate foreseeable future. 

Operationally this jtn^ans that any adjustments in our energy supply in the - 

near future vlll be "stop-gap" in nature. Our study verifies that no new 

major sources of energy are available to replace the fossil fuels as fast 

as we use them. This does not rule out the possibility that some relief 

in energy supply will come about, however, per capita use of energy seems 

likely to increase as fast. as man can develop new sources of energy. ' 

Obviously, demand for energy will continue to be boundless whereas ^energy - 

s\ipply will cont:J.nue to be limited. 

Ided ff2: The application of technology to increase or simply main- 
tain our current energy resources will increase the degradation of parts 
of our environment. The economists continue to emphasize "there is no such 
thing as a free lunch." Consider for a moment the development of our coal 
reserves in the West. Clearly, strip mining of coal will greatly degrade 
parts of our environment. There seems to be no choice in this matter, 
however, many safeguard procedures will be setup to help "alleviate the 
worst aspects of the situation. . ^ 

Idea f/3: It is becoming increasingly eviaont that the problera,s and 
potential solutions dissociated with the use of enerpy touches the( life of 
cyox^y individual. Our study o/ oncr/,:y usar.c and the shortar>c of-encir^^y 
clearly demons trato;^ the impacL that oncrr,/ pluys in our lives.' A few years 
a/;o listened to the television commercial that reminded us "that a nation 
that runs on energy cannot afford to run short." Npw we know what tnat mcG- 
sane was tryin^^ tp convey. We are running short of certain kinds of fossil 
energy, and we are having to adjust our life styles in response to this 
problem. No one talks about cheap energy anymore and our recognition of 
this fact is reflected in what we do or plan to do in the future. 




Idea /fk: The lack of a national energy policy will continue to handi- 
cap us in fiolving energy problems now and in the future. In our study of 
Man's Effeyct on Nature, we learned about Hardin's idea of the "Tragedy of 
Lhe Commo^is*" This same concept c&n be applied to our thinking and actions 
relative jto our use of energy. As long as we hold to the concept that "what 
belonfis l^o all belongs to no one" we increase the probuoility of mismanagement. ' 

Idea ^5: Energy is the glue that holds our economy together. Any 
i.-h.'ingo in the nature of the glue- sets off a chain of events that compounds 
man's environmental problems. We must recognize that our current social and 
businoss relationships depend primarily upon' the widespread use of cheap 
petroleum and natural gas. As we shift from these forms of energy to coal, 
nuclear, and solar energy sources, political and business institutions will 
experience vast changes. Furthermore, our study supports that major new 
energy sources do not hold the promise that oxir environmental problems will 
bo simpler irt the future. 

Idea #6: Oiir desire to take a short-range view of enex*gy supply has 
(jr'batly inqfi|p'Sfl|ft^ technologicJol dependence on fossil fuel^^partlcularly 
petroleum ^<S!r'> ^^g| |^&l gas. Diversity in us.ing all kinds of energy sources. 
m\i3t becolB^^g||^ ag the normal operating procedure in the future. 
Chauncey htawv in the Scientific American article entitled "Energy and Power" 
siximnari zed this point when he wrote, "The development of new speculative c 
energy resources' is an investment for the future, not a means of remedying 
the problems of today. It is equally clear that the qualify of life of 
the peoples of the world depends pn the availability now of large amounts 
of low--cost energy in useful form. This being so, we must emphasize an 
orderly development of the resources available to us with present tech- 
nology^ and these are primarily power plants based on fossil fuels and 
nuclear fission." 

This concludes the major points of the synthesis lecture. As the dif- 
ferent ideas are developed during the lecture, many specific examples can 
bo made to reinforce the implication of each idea. Specific examlples can be 
tiiken from the audio-viaual-tutorial programs, previous lectures, the read- * 
in{?s and the discussion sessions. Experience has shown that yoior students 
will supply many of the examples that help to make this lecture meaningful. 



r^ection IV: Natural Resources 

JaL^JJlA" Man's demand for. more raw materials will remain high and the variety of 
]..ra<.?ria:;n used will increase at a cost of environmental quality. The amount of 
t'livi ronmental degradation will depend upon what limits society sets. 

iil^L3Lii= ^ill learn to live with the problems of decreasing easy accessibility 

to raw materials by developing mineral policies that incorporate efficient relation 
ships between demand, exploration, extraction, production, and ^consumption. 

Idea, j : Conflicts of interest represent one of the best ways man has of communi- 
cating his aspirations and needs with others, and only through increasing 
intensities of political conflicts (short of war) can realistic environmental 
mineral policies for all be developed. 
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Lot'o change our point of view to another basic natural resource — waxier. 
We learned that man's demand for water is increasing at a rapid rate and that 
the supply of water is sufficient on a large scale, but insufficient on a local 
or regional scale in many places. Furthermore » innovative technological schemes 
are available t(^ make efficient use of water possible by industry, agriculture, 
and domestic users. What does the future hold for our water management proceduresT 

Jdea U: Water will be recycled more times in' the future and water-supply 
matmgement procedures will include new technological proceesea for madcing water 
use more efficient but at a higher cost. 

IdeaJ5,: Water distribution plajas will be ceurried out to bring water froA areas 
of surplus to areas that are water deficient. These distribution piajis will cause 
enviroiunental chang<5.8 that are both positive and negative* 

Idea_6 : Our water problems of y^istrubution ^d water quality will be worked put 
in a series of short-term events that will ultimately be combined to provide a' 
long-term solution. * / 

With respect to our aatural resource — the soil — man is faced with marjy 
i»erious problems. Soil is a tiatural resource that requires a long time to recover 
from environmental damage. The use of fertilizers is increasing rapidly and 
will continue into the for^eeable future. New seeds and new kinds of plants 
pripvide temporary or "stop-gap" solutions to our food supply. However, vith the 
rapid, increase In populp,tion, food supplies will continue to be" limited in many 
areas. What does the^futurie hold for our soils and food supplfes? 

Id ea V : We should expect to see man use a greater proportion of the arable land 
and new seeds and plants will increase the total food supply. 'However, per 
capita consumption of food will depend upon man's ability to maintain a popula- 
tion of reasonable size. I cannot feel optimistic "about our ab'ility to prevent 
famines in many areas. Ehrlich*s predictions have been and will continue to 
-be correct. 

Idea 8 ; Man's approach to maintaining productive soils will depend upon how he 
treats the basic causes of soil degradation — his ignorance of the value of 
soil and his attitude toward maintaining this natural resource. 

The problem of the proper disposal of all kinds of waste is a new kind of 
environmental problem that man is just beginning to recognize. Our studies 
verify that waste disposal problems are not something that will disappear in 
the neeir future. The per capita increase in wr.ste and the increasing complexity 
of wai?tes that require disposal — e.g. , radioactive wastes — poses a challenge 
to industry, agriculture, and residential users. We learned that our current 
waste disposal procedures are primitive and only short-term solutions ♦ What 
does the future hold for the proper disposal of all kinds of waste? 

Jdi^a 9: M^in will continue to use an increasing variety of short-term solutions 
for waste disposal problems — e.g., biodegradable packaging. 

Idea. 10 ; The development of ' recycling ^ocesses will greatly expand and provide 
a stop-"gap solution folr disposal of marfy industrial, agricultural, and residential 
wastes. 
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Ide^ijLl : Th« disposal of radio»ctiv« wastes is a ssriouB probism that has no 
adequate solution In the forseeable future. 

Idoa 12 ; The variety oft wastes — e.g., t>la3tioa — will Increase and reqtuire 
new technological solutions that will be utilizing increasing foVms of biodegrad- 
able materials. 



^'Se^ction V: Oceanography. 
' . *. • 

1. The trend of using the oceans for single-purpose uses motivated by short term 
advantages to individuals," industry, and locail governments will continue 
into the forseeable future. , ; 

P. Political conflicts will increase over the ownership of ocean resources 
because of nationalistic desires and the reali station of the valud of ocean 
resources. 

3. We should expect the pollution of the oceans to intensify near population 

centers and industrial complexes^ as well* as becoming more widespread through 
the work of naturetL processes. 

* < r 

Some trends ^d Features of Man*8 Impact on. the Environment^ 

Five major trends of man's recent impacts on the environment ar^:, 

1. increasing vatriety of impacts 

2. ^intensifica-|^on of impacts . ^ 
3* geographic8ii\sprelgiding of impacts' 

increasing cfinplexity and repercussions of impacts 

5. increasing per capita impact 

Eight common features oj|gpian's alteration of environment are: 

^- 1. cities are modes of greatest environmental impact 

2. ^ meiny environmental changes are irreversible or persistent for long 

time periods 

3. man is simplifying and homogenizing the biologicaJL landscape* 
some orgeuiisms have greater pOwer than man to adapt -bM evolution to 
environmental change^ . ^ 

5^ man*s unique ability toJVdapt culturally to environmental chajige may 
not be sufficient to compensate for new environmental demands on him 
as an orgeinisra * 

6. War or preparation for war i-s an important influence on environment 

7. Political control has been required to develop and maintain major 
environmental jnodifi cations 



ERIC 



* Detwyler, Thomas R. Man's I.na)aot on the En vironinent , McGraw-Hill Book Company, 
New York; 19T1, p. 695-697. • 
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8. The tfune fev basic causes of environmental degr,adfttion underlie a vast 
spectrum of impacts. These caueea ibLvo: 

(a) ignorance 

(b) attitude 

( c ) population growth * 

(d) technological development 

(e) economics 

(f) synergism . * 



If your- students respond to this course in the flame way my students responded, 
you will be pleased to see how veil they understand and act relative to the basic 
causes of environmental degradation mentioned in Item /f8 directly above. 



